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* NOTICES* 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. & 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] : Chemical formula 1 [Formula 1] 
R 2 \ 




R 2 



R'-O-CCIfe),,-] Si-O-J Si (CH2),-0-R 4 

if J, if 

The inside of [formula, and Rl . [Formula 2] 

0 R 8 „9 -It 

II I ^R * -12 

-c-c=c^ -i=< R 

R ^ R 13 

It is me alkyl in which it appears, and exists, R2 and R3 are chosen as from the group which consists 
ot the alkyl and phenyl which may have independently branching of carbon numbers 1-5 
respectively, a benzyl, and an allyl compound, and R4 may have branching of an allyl compound and 
carbon numbers 1-5. [Formula 3] F 

» ?" r 15 R " D ia 

II I I ^.K 

-c— c=c^ feitf -c=cC 

a shell - it is one chosen from a group, R8-R1 9 are the alkyls which may have independently 
branching of a hydrogen atom or carbon numbers 1-5, respectively, m is 1-5, n is 1-20 and 1 is 1-201 • 
Polysiloxane compound [ which is come out of and shown ], or chemical formula 2 [Formula 41 

f f \ f f R 6 \ 

R 5 -o-(CR2) a 7-^-si--o-H-s±- ica i ) l -o-^cai-cB-oj-R 1 

It is the alkyl in which R2' and R3' are chosen as from the group which consists of the alkyl and 
phenyl which may have independently branching of carbon numbers 1-5, respectively, a benzyl and 
an allyl compound among [formula, and R5 and R7 may have independently branching of carbon 
numbers 1-5, respectively. [Formula 5] 

" r ^r 21 r 23 B24 

-c-c=c^ -c= c C 

^R« 
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a shell - it chooses from a group ~ having ~ at least one [ however, ] of R5 and the R7 [Formula 61 

O R 20 -.21 «23 

It comes out, and it is, R6 is the alkyl which may have branching of a hydrogen atom or carbon 
numbers 1-5, and R20-R25 are [ m' is 1-5, n' is 1-20, 1' is 1-20, x is 1-15, and ] the alkyls which may 
have independently branching of a hydrogen atom or carbon numbers 1 -5, respectively.] : The 
polysiloxane-polyoxyalkylene compound come out of and shown, and chemical formula 3 fFonnula 
7] 

H 2 C=C(R')C( = 0)(OCH 2 CH 3 ) B OR , • 

[- R f is a hydrogen atom or CH3 among a formula, R M is a hydrogen atom, -C(=0) CH=CH2, or -C 
(=0) C(CH3) =CH2, and z is 1-20] The macromolecule gel electrolyte which is made to harden the 
constituent which comes out and contains the polyethylene-glycol derivative shown and the organic 
solvent containing lithium salt, and is characterized by the bird clapper. 

[Claim 2] The aforementioned polyethylene-glycol derivative is a macromolecule gel electrolyte 
according to claim 1 characterized by being or more [ it is chosen from the group which consists of 
polyethylene glycol dimethacrylate, polyethylene-glycol diaciylate, polyethylene glycol 
monomethacrylate, and polyethylene-glycol monoaciylate ] one. 

[Claim 3] The macromolecule gel electrolyte according to claim 1 or 2 with which the content of the 
polysiloxane-polyoxyalkylene compound shown with the polysiloxane compound or the 
aforementioned chemical formula 2 shown with the aforementioned chemical formula 1 is 
characterized by being 0.1-10 mass section, and for the content of the polyethylene-glycol derivative 
shown with the aforementioned chemical formula 3 being 0.4 - 50 mass section, and the content of 
the organic solvent containing lithium salt being 50 - 97 mass section on the basis of the constituent 
100 mass section. 

[Claim 4] The aforementioned constituent is a macromolecule gel electrolyte given in any 1 term of 
claims 1-3 characterized by including ethoxylation trimethylolpropane triacrylate further. 
[Claim 5] The macromolecule gel electrolyte according to claim 4 with which the content of the 
aforementioned ethoxylation trimethylolpropane triacrylate is characterized by being 0-5 mass 
section on the basis of the constituent 1 00 mass section. 

[Claim 6] The aforementioned constituent is a macromolecule gel electrolyte given in any 1 term of 
claims 1-5 characterized by including one or more polymerization initiators chosen from a 
benzophenone, a benzoyl peroxide, an acetyl peroxide, a lauroyl peroxide, and the group that consists 
of an azobisisobutyronitril in 0.1 - 5 mass section pan on the basis of the constituent 100 mass 
section. 

[Claim 7] The aforementioned hardening is a macromolecule gel electrolyte given in any 1 term of 
claims 1-6 which is made by thermal polymerization, the polymerization by the electron beam, or the 
polymerization by UV, and is characterized by the bird clapper. 

[Claim 8] The macromolecule gel electrolyte according to claim 7 characterized by polymerization 
temperature being 60-100 degrees C in the aforementioned thermal polymerization. 
[Claim 9] It is a macromolecule gel electrolyte given in any 1 term of claims 1-8 characterized by for 
the aforementioned lithium salt being or more [ it is chosen from the group which consists of LiC104, 
LiBF4, LiPF6, LiAsF6, LiCF3S03, and LiN(CF3S02) 2 ] one, and the aforementioned organic 
solvent being or more [ it is chosen from the group which consists of propylene carbonate, ethylene 
carbonate, dimethyl carbonate, methylethyl carbonate, diethyl carbonate, vinylene carbonate, 
triglyme, tetraglyme, and gamma-butyrolactone ] one. 

[Claim 10] The lithium cell possessing the case having the electrode assembly containing the 
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separator which intervenes between a cathode, an anode, and the aforementioned cathode and the 
aforementioned anode, a macromolecule gel electrolyte given in any 1 term of claims 1-9, and the 
aforementioned electrode assembly and the aforementioned macromolecule gel electrolyte. 
[Claim 1 1] It is the lithium cell according to claim 10 which the aforementioned electrode assembly 
is formed of rolling up, and is characterized by the aforementioned case being a pouch type. 
[Claim 12] The aforementioned separator is a lithium cell according to claim 10 or 1 1 characterized 
by being the sheet which combined a polyethylene sheet, a polypropylene sheet, or these. 

[Translation done.] • 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] ~~~ •— — — 

[0001] 

[The technical field to which invention belongs] this invention relates to the lithium cell which raised 
safety and reliability using the macromolecule gel electrolyte which can maintain a gel more good in 
a detail about the lithium cell which comes to use a macromolecule gel electrolyte and it 
[0002] 

[Description of the Prior Art] Compared with a conventional nickel-cadmium battery and a 
conventional nickel hydrogen atom cell, the energy density and voltage per unit volume are high, the 
weight of a cell is also those half extent, and a lithium cell is characterized by the charge-and- 
discharge cycle-life property being excellent, and not having a bad influence on environment. 
Therefore,, the lithium cell attracts the interest as a next-generation highly efficient battery, and the 
contribution to the formation of small lightweight and prolonged use of portable electronic equipment 
is expected. 

[0003] A lithium cell can be divided roughly into the lithium ion battery which uses a liquid 
electrolyte, and the lithium ion polymer battery which uses a polymer-like electrolyte. A lithium ion 
battery seals an electrode assembly in the case of a cylindrical shape or a square shape. However, 
recently, the method of sealing an electrode assembly by the pouch attracts attention instead of using 
such a case. There is an advantage which thin-shape-izing and lightweight-izing of a cell are possible, 
and can also cut down the cost of materials by use of a pouch since a unit mass and the energy density 
per volume can be raised further. 

[0004] Drawing 1 is the decomposition perspective diagram having shown typically an example of 
the lithium ion battery which used the general pouch. The lithium ion battery shown by drawing 1 
consists of the electrode assembly 10 containing a cathode 1 1, an anode 12, and separator 13, and the 
case 14 which wraps and seals this electrode assembly 10. In this case, the electrode assembly 10 is 
formed by rolling round what inserted separator 13 between the cathode 1 1 and the anode 12. 
Furthermore, the cathode tap 15 and anode tap 15 1 which play the role of the electric path of the 
electrode assembly 10 and the exterior are pulled out from a cathode 1 1 and an anode 12, and form an 
electrode terminal 1 6 and 1 6'. 

[0005] Drawing 2 is the decomposition perspective diagram having shown an example of the 
conventional lithium ion polymer battery typically. The lithium ion polymer battery shown by 
drawing 2 consists of the electrode assembly 21 containing a cathode, an anode, and separator, and 
the case 22 which wraps and seals the electrode assembly 21. in this case ~ an electrode ~ an 
assembly - 21 - having been generated - current - the exterior - guiding - a sake - electric - a 
path - a role - achieving -- an electrode terminal (or lead wire) - 24 - 24 - ■ - a cathode - and - an 
anode - having - having had --. a cathode - a tap -- 23 - and - an anode --. a tap - 23 - ' - 
connecting - having -- **** -- these -- a case ~ 22 --. outside - predetermined - length - extending 
[0006] After putting in the electrode assemblies 1 0 or 2 1 in a case 1 4 or 22 and pouring in the 
electrolytic solution here, exposing a part of electrode-terminal 16, 16* or 24, and 24' outside, such a 
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lithium ion battery of drawing 1 and a lithium ion polymer battery of drawing 2 apply heat and a 
pressure, and are manufactured by making it paste up with the heat adhesive property matter, and 
sealing the marginal part of an up case, and the marginal part of a lower case. 
[0007] When the boiling point uses the electrolyte containing a low organic solvent here, the 
phenomenon in which an electrode assembly and a pouch expand occurs and there is a problem that 
the reliability and the safety of a cell fall. 

[0008] In order to solve such a problem, the method of stiffening a flat-surface form cell with 
ultraviolet rays (UV) and an electron beam, and making it, or not pouring in the electrolytic solution 
separately, i.e., the method of coating an electrode pipe with gel beforehand etc., is proposed (U S 
Pat No. 5,972,539, U.S. Pat No. 5,279,910, U.S. Pat No. 5,437,942, and U.S. Pat No. 5,340,368). 
However, by these methods, it was not able to prevent and ease with the level with which should be 
satisfied of an expansion phenomenon. 
[0009] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering the 
macromolecule gel electrolyte which can suppress the expansion phenomenon by the electrolytic 
solution effectively. Moreover, other purposes of this invention are offering the high lithium cell of 
reliability and safety using such a macromolecule gel electrolyte 
[0010] 

[Means for Solving the Problem] The polyethylene oxide conventionally used in order that this 
invention persons may prepare a gel electrolyte, Instead of the polymer which makes a polypropylene 
oxide a principal chain and has functional groups, such as an acrylic, a vinyl, and an epoxy group 
While excelling in a physical characteristic and an electrochemical property by hardening the 
constituent containing the polysiloxane compound or polysiloxane-polyoxyalkylene compound 
containing a siloxane unit or an oxy-alkylene unit It finds out that the electrolyte which can suppress 
expaiision effectively is obtained, and came to complete tMs invention. 
[001 1] Therefore, this invention is chemical formula 1 : [0012]. 
[Formula 8] 




R 1 -0-<dfe) n -4— Si-oH— si— (Cife ) . -o-R 4 



[0013] The inside of [formula and Rl are [0014]. 
[Formula 9] 

O R 8 «> r« 

ll i ^R , «12 

-c— c=cCT -c=<r 



[001 5] It is the alkyl in which it appears, and exists, R2 and R3 are chosen as from the group which 
consists of the alkyl and phenyl which may have independently branching of carbon numbers 1-5, 
respectively, a benzyl, and an allyl compound, and R4 may have branching of an allyl compound and 
carbon numbers 1-5, and [0016]. 
[Formula 10] 



II I ^R | R 18 

-c— c-c^ 16 -c=c; 



"R" ^ R 19 

[0017] a shell -. it is one chosen from a group, R8-R19 are the alkyls which may have independently 
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branching of a hydrogen atom or carbon numbers 1-5, respectively, m is 1-5, n is 1-20, and 1 is 1-20] 
Polysiloxane compound [ which is come out of and shown ], or chemical formula 2: [0018] 
[Formula 11] 

/ f 

R 5 -0— ( Clfe )«r-4- Si-< 



La- 



-H-Si— ( ) - O -fc^-CH-O-f R 7 



[001 9] It is the alkyl in which R2' and R3' are chosen as from the group which consists of the alkyl 
and phenyl which may have independently branching of carbon numbers 1-5, respectively, a benzyl, 
and an allyl compound among [formula, and R5 and R7 may have independently branching of carbon 
numbers 1 -5, respectively, and [0020]. 
[Formula 12] 

O R 20 -21 „23 

II I ? p24 

-c- c =c -i=< R 

^ R 25 

[0021] a shell - it chooses from a group ~ having ~ at least one [ however, ] of R5 and the R7 - 
[0022] 

[Formula 13] 

O R 2 ° -21 p 23 

R ^R25 

[0023] It comes out, and it is, R6 is the alkyl which may have branching of a hydrogen atom or 
carbon numbers l-5,andR20-R25 are [m 1 is l-S.n 1 is 1-20,1' is l-20,xis l-15,and] the alkyls 
which may have independently branching of a hydrogen atom or carbon numbers 1-5, respectively.] 
The polysiloxane-polyoxyalkylene compound come out of and shown, and chemical formula 3 : 
[0024] 

[Formula 14] 

H 2 C=C(R')C( = 0)(OCH 2 CH ^ ) ll OR ,, 

[0025] [- R' is a hydrogen atom or CH3 among a formula, R" is a hydrogen atom, -C(=0) CH=CH2, 
or -C(=0) C(CH3) =CH2, and z is 1-20] It is the macromolecule gel electrolyte which is made to 
harden the constituent which comes out and contains the polyethylene-glycol derivative shown and 
the organic solvent containing lithium salt, and is characterized by the bird clapper. 
[0026] Furthermore, this invention is the aforementioned macromolecule gel electrolyte characterized 
by the aforementioned polyethylene-glycol derivative being or more [ it is chosen from the group 
which consists of polyethylene glycol dimethacrylate, polyethylene-glycol diacrylate, polyethylene 
glycol monomethacrylate, and polyethylene-glycol monoacrylate ] one. 

[0027] The content of the polysiloxane-polyoxyalkylene compound shown with the polysiloxane 
compound or the aforementioned chemical formula 2 in which this invention is furthermore shown 
with the aforementioned chemical formula 1 is the aforementioned macromolecule gel electrolyte 
which the content of the polyethylene-glycol derivative which is 0.1 - 10 mass section and is shown 
with the aforementioned chemical formula 3 is 0.4 - 50 mass section, and is characterized by the 
content of the organic solvent containing lithium salt being 50 - 97 mass section on the basis of the 
constituent 1 00 mass section. 

[0028] Furthermore, this invention is the aforementioned macromolecule gel electrolyte characterized 
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by the aforementioned constituent containing ethoxylation trimethylolpropane triacrylate further. 
[0029} Furthermore, it is the aforementioned macromolecule gel electrolyte with which, as for this 
invention, the content of the aforementioned ethoxylation trimethylolpropane triacrylate is 
characterized by being 0 - 5 mass section on the basis of the constituent 100 mass section. 
[0030] Furthermore, this invention is the aforementioned macromolecule gel electrolyte characterized 
by the aforementioned constituent containing in 0.1 - 5 mass section pan one or more polymerization 
initiators chosen from a benzophenone, a benzoyl peroxide, an acetyl peroxide, a lauroyl peroxide 
and the group that consists of an azobisisobutyronitril on the basis of the constituent 100 mass 
section. 

[003 1] Furthermore, this invention is the aforementioned macromolecule gel electrolyte which the 
aforementioned hardening is made by thermal polymerization, the polymerization by the electron 
beam, or the polymerization by UV, and is characterized by the bird clapper. 

[0032] Furthermore, this invention is the aforementioned macromolecule gel electrolyte characterized 
by polymerization temperature being 60-100 degrees C in the aforementioned thermal 
polymerization. 

[0033] Furthermore, this invention is, or more [ the aforementioned tithium salt is chosen from the 
group which consists of LiC104, LiBF4, LiPF6, LiAsF6, LiCF3S03, and LiN(CF3S02) 2 ] one, and 
the aforementioned organic solvent is the aforementioned macromolecule gel electrolyte 
characterized by being, or more [ it is chosen from the group which consists of propylene carbonate 
ethylene carbonate, dimethyl carbonate, methylethyl carbonate, diethyl carbonate, vinylene carbonate, 
tnglyme tetraglyme, and gamma-butyrolactone ] one. 

[0034] Furthermore, this invention is a hthium cell possessing the case having the electrode assembly 
containing the separator which intervenes between a cathode, an anode, and the aforementioned 
cathode and the aforementioned anode, the aforementioned macromolecule gel electrolyte, and the 
aforementioned electrode assembly and the aforementioned macromolecule gel electrolyte* 
[0035] It is the aforementioned lithium cell which the aforementioned electrode assembly is formed 
for this invention of rolling up, and is furthermore characterized by the aforementioned case being a 
pouch type. 

[0036] Furthermore, this invention is the aforementioned lithium cell characterized by the 
aforementioned separator being the sheet which combined a polyethylene sheet, a polypropvlene 
sheet, or these. 
[0037] 

[Embodiments of the Invention] The macromolecule gel electrolyte of this invention makes it come 
to harden the constituent containing a polysiloxane compound, a polysiloxane-polyoxyalkylene 
compound, a polyethylene-glycol derivative, and the organic solvent containing lithium salt the 
constituent concerned - the following and "the constituent for forming a macromolecule gel 
electrolyte" -- or it is only called a "constituent" 
[0038] Each component first contained in a constituent is explained. 
[0039] A polysiloxane compound is chemical formula 1: [0040]. 
[Formula 15] 

R 1 -0-<CIfe )«-{— Si-O-4— Si— (Clfe ) , -O-R 4 

/n * 

[0041] It is come out and shown. The inside of a formula and Rl are [00421 
[Formula 16] 
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-C~C=< "C=< i3 

R R 13 

[0043] It comes out,, and it is and R8-R1 3 are the alkyls which may have branching of a hydrogen 
atom or carbon numbers 1-5. As Rl , specifically, -C(=0) CH=CH2, -C(=0) C(CH3) =CH2 and -C 
(=0) CH=CHCH3 are mentioned, and it is -C(=0) C(CH3) =CH2 preferably. 
[0044] R2 and R3 are chosen independently from the group which consists of the alkyl and phenyl 
which may have branching of carbon numbers 1-5, a benzyl, and an allyl compound, respectively. As 
R2 and R3, specifically, a methyl, ethyl, a propyl, an isopropyl, n-butyl, sec-butyl, ter-butyl, a pentyl, 
and an isopentyl are mentioned, and they are a methyl, ethyl, a phenyl, or a benzyl preferably. 
[0045] R4 is an allyl compound (-CH2 CENCH2), the alkyl which may have branching of carbon 
numbers 1-5, and [0046]. 
[Formula 17] 

?, ?" ^ ? ^ 

-c— c=cC „ ^±xjt -c=cd 

[0047] a shell - it is one chosen from a group and R14-R19 are the alkyls which may have branching 
of a hydrogen atom or carbon numbers 1 -5 As R4, specifically, -C(=0) C(CH3) =CH2, -C(=0) 
CH=CHCH3, a methyl, ethyl, a propyl, an isopropyl, n-butyl, sec-butyl, ter-butyl, a pentyl, and an 
isopentyl are mentioned, and they are a methyl and -C(=0) C(CH3) =CH2 preferably. 
[0048] m is 1-5. n - 1-20 -. it is 1-10 preferably 1 - 1-20 - it is 1-10 preferably When m, n, and 1 are 
this range, since the compound shown with a chemical formula 1 is excellent in solubility, reactivity, 
and the cell performance side, it is desirable. 

[0049] As such a polysiloxane compound, -C(=0) C(CH3) =CH2 and R2 A methyl, [ Rl ] The 
polysiloxane compound whose R4 R3 is a methyl and is a methyl, and m, n and 13, Ethyl and R3 A 
methyl, [ Rl ) [ -C(=0) C(CH3) =CH2 and R2 ] The polysiloxane compound 3 or whose 51 2 or 3n is 
[ R4 ] 3 or 5 for a methyl and m, A phenyl and R3 A methyl, [ Rl ] [ -C(=0) C(CH3) =CH2 and R2 ] 
The polysiloxane compound 2 or 3, and whose n and 1 a methyl and m are 3 or 5 for R4, A benzyl and 
R3 A methyl, [ Rl ] [ -C(=0) C(CH3) =CH2 and R2 ] The polysiloxane compound 2 or 3, and whose 
n and 1 a methyl and m are 3 or 5 for R4, A phenyl and R3 A methyl, [ Rl ] [ -C(=0) C(CH3) =CH2 
and R2 ] R4 - ethyl and m= - 2 or 3, and n= ~ 3 or 5, and 1= ~ the polysiloxane compound which is 
3 or 5 - A benzyl and R3 A methyl, [ Rl ] [ -C(=0) C(CH3) =CH2 and R2 ] The polysiloxane 
compound 2 or 3, and whose n and 1 ethyl and m are 3 or 5 for R4, Since it excels in 
reactivity, and the cell performance side, it is used preferably, and the polysiloxane compound a 
methyl and whose R4 are [ Rl / -C(=0) C(CH3) =CH2 and R2 ] a methyl, and m, n and 13 also 
especially in these for a methyl and R3 is desirable. 

[0050] Next, a polysiloxane-polyoxyalkylene compound is explained. The compound concerned is 
chemical formula 2: [0051]. 
[Formula 18] 

If \f 1 f \ 

R s -0— <CH2> a 5-HSi-0-r+"Si— (CEfe) | .-0-fc^-CH-0+-R 7 

[0052] It is come out and shown. R2' and R3 1 are chosen from the group which consists of the alkyl 
and phenyl which may have independently branching of carbon numbers 1-5, respectively, a benzyl, 
and an allyl compound among a formula. Specifically, a methyl, ethyl, a propyl, an isopropyl, n-butyl, 
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sec-butyl, ter-butyl, a pentyl, an isopentyl, etc. are mentioned, and they, are a methyl, ethyl, a phenyl 
or a benzyl preferably. ' * ' 

[0053] R5 and R7 are the alkyl which may have branching of carbon numbers 1-5, and [0054] 
independently, respectively. 
[Formula 19] 

-c-c=c^ -_=< 

^ R 25 

[0055] a shell - it chooses from a group - having - at least one [ however, ] of R5 and the R7 --. 

[0056]. 

[Formula 20] 

?, f° R 21 R« 
-C— C=C^ i /R 24 

-c=< r25 

[0057] It comes out, and it is and R20-R25 are the alkyls which may have independently branching of 
a hydrogen atom or carbon numbers 1-5, respectively. As R5 or R7, specifically, -C(=0) C(CH3) 
=CH2, -C(=0) CH=CHCH3, a methyl, ethyl, a propyl, an isopropyl, n-butyl, sec-butyl, ter-butyl, a 
pentyl, an isopentyl, etc. are mentioned, and they are -C(=0) C(CH3) =CH2 or a methyl preferably. 
[0058] R6 is the alkyl which may have branching of a hydrogen atom or carbon numbers 1-5, and, 
specifically, a methyl, ethyl, a propyl, an isopropyl, n-butyl, sec-butyl, ter-butyl, a pentyl, an * 
isopentyl, etc. are mentioned as this alkyl. It is a hydrogen atom preferably as R6. 
[0059] m' is 1-5. n' is 1-20 and is 1-10 preferably. 1' is 1-20 and is 1-10 preferably, x is 1-15. m - ' - 
n - 1 - 1 - ' ~ and - x -. this - the range - it is - the time - a chemical formula - two - being 
shown - having - a compound --. solubility - reactivity - and - a cell - a performance - a field - 
excelling -- **** - a sake - being desirable . 

[0060] As a polysiloxane-polyoxyalkylene compound shown with such a chemical formula 2 -C(=0) 
C(CH3) =CH2 and R6 A hydrogen atom, [ R2' ] [ a methyl and R3' ] [ a methyl and R5 ] R7 A 
methyl, m', the polysiloxane-polyoxyalkylene compound whose x n' and 1' are 3 and is 5, -C(=0) C 
(CH3) =CH2 and R6 A hydrogen atom, [ R2' ] [ ethyl and R3' J [ a methyl and R5 ] The polysiloxane- 
polyoxyalkylene compound 3, or whose 5 and x 2 or 3, n', and 1' are [ R7 ] 3, 5, or 10, respectively for 
a methyl and m', -C(=0) C(CH3) =CH2 and R6 A hydrogen atom, [ R2' ] [ a benzyl and R3' ] [ a 
methyl and R5 ] The polysiloxane-polyoxyalkylene compound 3, or whose 5 and x 2 or 3, n', and 1' 
are [ R7 ] 3, 5, or 1 0, respectively for a methyl and m', -C(=0) C(CH3) =CH2 and R6 A hydrogen 
atom, [ R2' ] [ a phenyl and R3' ] [ a methyl and R5 ] The polysiloxane-polyoxyalkylene compound 3, 
or whose 5 and x 2 or 3, n*, and 1' are [ R7 ] 3, 5, or 1 0, respectively for a methyl and m', -C(=0) C 
(CH3) =CH2 and R6 A hydrogen atom, [ R2' ] [ a benzyl and R3' ] [ a methyl and R5 ] Since the 
polysiloxane-polyoxyalkylene compound 3, or whose 5 and x 2 or 3, n', and 1' are [ R7 ] 3, 5, or 10, 
respectively for a methyl and m' is excellent in solubility, reactivity, and the cell performance side,'it 
is used preferably, these - inside - **** - especially ~ R ~ two - ' - a methyl - R - three ~ ' - a 
methyl - R - five - C (=0) - C (CH3) - = - CH - two - R - six - a hydrogen atom - R - seven - 
a methyl - m - ' - n - ' - and ~. 1 - ' - three - x - five - it is - a polysfioxane - a compound - 
being desirable . 

[0061] As for the content of the polysiloxane-polyoxyalkylene compound shown with the 
polysiloxane compound or chemical formula 2 shown with a chemical formula 1 , it is desirable that it 
is 0.1 - 10 mass section on the basis of the constituent 100 mass section. The effect of a performance 
improvement of the cell according to addition of these compounds when a content is under the 0.1 
mass section here is low, and when exceeding 10 mass sections, there is a possibility that the 
performance of a cell may fall. 



http://www4.ipmjpo.gojp/cgi-bin/tran_web_cgi_eije 



2003/06/02 



Page 7 of 13 

[0062] Although the polysiloxane compound shown with a chemical formula 1 can make for 
example,, a dihydroxy end polysiloxane and an acryloyl chloride able to react and can manufacture a 
polysiloxane compound, it is not limited to this but can be manufactured by the method of this 
business world common knowledge. Similarly, the polysiloxane-polyoxyaikylene compound shown 
with a chemical formula 2 can be manufactured by various methods. For example, although an 
acryloyl chloride can be made to be able to react to the polysiloxane-polyoxyaikylene which a 
dihydroxy end polysiloxane and ethylene oxide are made to react, and is manufactured and a 
polysiloxane-polyoxyaikylene compound can be manufactured, it is not limited to this but can 
manufacture by the method of this business world common knowledge. 
[0063] Next, a polyethylene-glycol derivative is explained. The polyethylene-giycol derivative 
concerned is chemical formula 3 : [0064] . 
[Formula 21] 

H 1 C=C(R')C( = O)(OCH 1 CH a ) a 0R" 

[0065] It is come out and shown. R' is a hydrogen atom or CH3 among a formula, R" is a hydrogen 
atom, -C(=0) CH=CH2, or -C(=0) C(CH3) =CH2, and z is 1-20. Polyethylene glycol dimethacrylate, 
polyethylene-glycol diacrylate, polyethylene glycol monomethacrylate, polyethylene-glycol 
monoacrylate, etc. are mentioned preferably as such a polyethylene-glycol derivative. These may be 
used independently, respectively, and it may mix and they may be used. By using especially 
polyethylene glycol dimethacrylate, polyethylene glycol monomethacrylate, or those mixture, since 
the performance of a cell can be raised, it is desirable. 

[0066] The range of the content of the polyethylene-glycol derivative concerned has desirable 0.4 - 50 
mass section on the basis of the constituent 100 mass section. When a content is under the 0.4 mass 
section here, hardening reactivity falls, and when exceeding 50 mass sections, there is a possibility 
that the performance of a cell may fall. However, since the range of the content of a polyethylene- 
glycol derivative is various by what is used, it is not this limitation. Hereafter, the range of a desirable 
content is described concretely. For example, as for the content of polyethylene glycol 
dimethacrylate, it is desirable that it is 0.5 - 50 mass section on the basis of the constituent 100 mass 
section, and, as for the content of polyethylene glycol monomethacrylate, it is desirable that it is 0.4 - 
50 mass section on the basis of the constituent 100 mass section. 

[0067] Next, the organic solvent containing the lithium salt of this invention is explained. It is 
desirable that it is or more [ it is chosen from the group which consists of a lithium perchlorate 
(LiC104), a 4 boron-fluoride lithium (LiBF4), a 6 fluoride / phosphorus / lithium (LiPF6), a 6 
fluoride arsenic lithium (LiAsF6), a 3 fluoride methansulfonic acid lithium (LiCF3S03), and a 
RICHIUMUBISU trifluoromethane sulfonyl amide (LiN2 (CF3S02)) as lithium salt ] one. It is LiPF6 
especially preferably. Of course, well-known lithium salt is usable at the technical field concerned 
besides the above. 

[0068] It is desirable that it is or more [ it is chosen from the group which consists of propylene 
carbonate, ethylene carbonate, dimethyl carbonate, methylethyl carbonate, diethyl carbonate, 
BINIRUREN carbonate, triglyme, tetraglyme, and gamma-butyrolactone as an organic solvent J one. 
Especially, preferably, it is ethylene carbonate (EC), dimethyl carbonate (DMC), and dimethyl 
carbonate (DEC), and these may be used independently, and you may mix and use by the suitable 
volume ratio. Of course, a well-known organic solvent is usable at the technical field concerned 
besides the above. 

[0069] As for the content of the organic solvent containing such lithium salt, it is desirable that it is 
50 - 97 mass section on the basis of the constituent 1 00 mass section. And as for the content of 
lithium salt, it is desirable that it is 0.5-3 mols to organic-solvent 1L. When the content of an organic 
solvent and lithium salt separates from the aforementioned range here, there is a possibility that the 
performance of a cell may fall. 
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[0070] As for the constituent of this invention, it is still more desirable that ethoxylation 
trimethylolpropane triacrylate (ethoxylated trimethylol propane triacrylate) is included. The hardening 
reaction of a constituent can be promoted by including such a compound. The content of ethoxylation 
trimethylolpropane triacrylate has a possibility that the performance of a cell may fall, when it is 
desirable that it is 0 - 5 mass section and it exceeds 5. mass sections on the basis of the constituent 
100 mass section here. 

[0071] The constituent for forming the macromolecule gel electrolyte of this invention can be 
obtained by mixing the polysiloxane-polyoxyalkylene compound shown with the polysiloxane 
compound or chemical formula 2 shown with the chemical formula 1 described above, a 
polyethylene-glycol derivative, and the organic solvent containing hthium salt. 
[0072] Furthermore, as for the aforementioned constituent, it is desirable that one or more 
polymerization initiators chosen from a benzophenone, a benzoyl peroxide, an acetyl peroxide, a 
lauroyl peroxide, and the group that consists of an azobisisobutyronitril are included, and, generally 
especially an azobisisobutyronitril is used. Generally, on the basis of the constituent 1 00 mass 
section, although the content of a polymerization initiator is 0.1 - 5 mass section, it should choose 
each suitable content according to the kind here. 

[0073] The macromolecule gel electrolyte of this invention is manufactured by hardening the 
constituent containing an above-mentioned component Hardening is desirable and thermal 
polymerization, the polymerization by the electron beam, or the polymerization by UV is used. Each 
polymerization method is explained in detail below. 

[0074] Thermal polymerization is performed by processing a constituent in predetermined 
polymerization time in the oven adjusted by polymerization temperature. In the case of less than 60 
degrees C, as for polymerization temperature, it is desirable that it is 60-100 degrees C, and there is a 
possibility that a polymerization may become inadequate, and if 1 00 degrees C is exceeded on the 
other hand, an expansion phenomenon may produce it here, carrying out the polymerization of the 
polymerization time for example, within a case - or although it is not limited since it is required to 
adjust suitably by whether a polymerization is carried out in the state where it cast for the film 
generally it is about 4 hours 

[0075] The polymerization by the electron beam is made when predetermined carries out time 
irradiation of the electron beam at a constituent. The output of this electron beam is usually 1.5eV or 
more, and m the case of less than 1 .5eV, the long setting time is needed or it has fear, like hardening 
becomes inadequate here. Generally, as for time to irradiate an electron beam, it is desirable that it is 
30 seconds or more, and when time is less than 30 seconds, it has a possibility that a polymerization 
may become inadequate. The polymerization by such electron beam can shorten reaction time 
compared with above-mentioned thermal polymerization, and has the advantage of not needing a 
polymerization initiator further. 

[0076] The polymerization by UV is made when predetermined carries out time irradiation of the UV 
at a constituent Generally, the wavelength of this UV has a possibility that a polymerization may 
become inadequate, when it is desirable that it is 250-365nm and it separates from this range here 
Generally, as for time to irradiate UV, it is desirable that it is 30 seconds or more, and when time is 
less than 30 seconds, it has a possibility that a polymerization may become inadequate. The 
polymerization by such UV has the advantage that reaction time can be shortened compared with 
above-mentioned thermal polymerization. 

[0077] Next how to manufacture a macromolecule gel electrolyte using the constituent mentioned 
above is explained. It prepares within the limits of the content which mentioned each component 
above first. These contents should be chosen the optimal in consideration of the performance of the 
electrochemical stability of the lithium cell manufactured, and a cell etc. Next the polysiloxane- 
polyoxyalkylene compound shown with the polysiloxane compound or chemical formula 2 shown 
with a chemical formula 1, the polyethylene-glycol derivative shown with a chemical formula 3, and 
ethoxylation trimethylolpropane triacrylate are mixed. Into this mixture, the above-mentioned 
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polymerization initiator is added further if needed, the organic solvent which contains lithium salt 
further is added and stirred into it, and a uniform constituent is obtained. The obtained constituent is 
hardened by the thermal polymerization mentioned above, the polymerization by the electron beam, 
or the polymerization by UV. 

[0078] Next, the lithium cell using the macromolecule gel electrolyte of this invention is explained. 
The lithium cell of this invention possesses the case having the electrode assembly containing the 
separator which intervenes between a cathode, an anode, and the aforementioned cathode and the 
aforementioned anode, the macromolecule gel electrolyte of this invention mentioned above, and the 
aforementioned electrode assembly and the aforementioned macromolecule gel electrolyte. 
[0079] Explanation of the cathode active material constituent and anode active material constituent 
which are first used as a cathode or an anode uses preferably for a cathode the cathode active material 
constituent which generally consists of lithium content oxides, such as LiCo02. The anode active 
material constituent which generally contains carbon, graphite, etc. is preferably used for an anode, 
and, generally a mezzo-soprano carbon fiber is desirable especially as carbon. 
[0080] Furthermore, these active material constituent may contain the electric conduction agent, the 
binder, and the solvent suitably. As an electric conduction agent, although not limited to these, carbon 
black etc. is used preferably. Since the conductivity of an electrode active material layer falls when it 
is desirable that it is 1 - 20 mass section and a content exceeds 20 mass sections here on the basis of 
the electrode active material (for example, LiCo02) 100 mass section, and the content of an electrode 
active material becomes low relatively in being under 1 mass section, the content of an electric 
conduction agent is not desirable here. 

[0081] As a binder, a vinylidene fluoride-hexafluoropropylene copolymer (VdF/HFP copolymer), 
poly vinylidene fluoride, a polyacrylonitrile, the poly methyl methacrylic rate, or its mixture is used 
preferably, and, generally especially poly vinylidene fluoride is desirable. As for the content of a 
binder, it is desirable that it is 2 - 30 mass section on the basis of the electrode active material 100 
mass section. When a content is the aforementioned range here, it excels in the bonding strength of 
the electrode active material to an electrode charge collector. 

[0082] As a solvent, if generally used for a lithium cell, all are usable, for example, an acetone and N- 
methyl pyrrolidone are mentioned, and it combines with other components, and is chosen suitably. 
[0083] Although separator will not be restricted especially if used in the field concerned, it is 
desirable that it is the sheet which combined a polyethylene sheet, a polypropylene sheet, or these. It 
is preferably used by the reason especially for being easy to roll round polyethylene separator, and 
polypropylene / polyethylene / three layer separator of polypropylene. Specifically, the polyethylene 
separator by the morning-sun chemical-industry company is used. 

[0084] Although all are usable if it is the type used in this industry, since especially a pouch type can 
prevent external disclosure of a gel electrolyte good, the case having the aforementioned electrode 
assembly and the aforementioned macromolecule gel electrolyte containing such a cathode, an anode, 
and separator is desirable. 

[0085] Next, the manufacture method of the lithium cell of this invention is explained. First, an 
electrode active material layer is formed on a charge collector using an above-mentioned anode active 
material constituent or an above-mentioned cathode active material constituent, and a cathode 
electrode board and an anode electrode board are produced. An electrode active material layer is 
formed here by the method of coating each active material constituent directly on a charge collector, 
and the method of carrying out the lamination of the film of the active material constituent obtained 
from this base material by exfoliating after coating and drying each active material constituent in the 
base material upper part separately with a doctor blade on a charge collector. If an active material 
layer can be supported, such a base material can use all, for example, polyethylene terephthal rate 
films, such as a Mylar film (Du Pont make), are suitable for it. 

[0086] Next, separator is inserted between the cathode electrode boards and anode electrode boards 
which were obtained, and an electrode assembly is formed in it. Even if it forms the assembly 
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concerned by rolling up using the jelly roll method ( drawing 1 ), you may form it in the Bayh cellular 
structure here ( drawing 2 ). Thus, the obtained assembly is installed in a case. 
[0087] Next, the macromolecule gel electrolyte of this invention is formed by preparing the 
constituent for forming the macromolecule gel electrolyte of this invention in a case, and hardening it. 
The method of hardening the case which poured in the constituent for forming the macromolecule gel 
electrolyte of this invention into the case as one method, sealed, and was acquired by the & 
polymerization by the electron beam mentioned above or the polymerization by UV is mentioned. 
Thus, when carrying out the polymerization of the constituent within a case, the effect by thermal 
polymerization can stiffen a constituent most efficiently. 

[0088] After casting the constituent for forming the electrolyte of this invention in either an anode 
electrode board or a cathode electrode board and the front face of both these with a doctor blade as 
other methods, the method of hardening by the polymerization by the electron beam mentioned above 
or the polymerization by UV is also desirable. Thus, the lithium cell of this invention can be 
obtained. 

[0089] The lithium cell of this invention is applicable to all of lithium rechargeable batteries, such as 

a lithium primary cell, a lithium ion polymer battery, or a lithium ion battery 

[0090] 

[Example] Hereafter, an example is given and this invention is explained more to a detail. 
[0091] Added poly vinylidene fluoride 15g to production of macromolecule gel electrolyte and 
hthium cell using it> example 1 acetone 600ml, and mix for 2 hours, it was made to dissolve with a 
ball mill, and mixture was obtained. LiCoO2470g and acetylene black (tradename : super - P, product 
made from MMM) 15g were added into this mixture, it mixed for 5 hours, and the cathode active 
material constituent was produced. 

[0092] The aforementioned cathode active material constituent was coated using the doctor blade 
which has the gap of 320 micrometers on the aliuninum thin film with 147 micrometers [ in 
thickness ], and a width of face of 4.9cm, it dried and the unit cathode electrode board was produced. 
[0093] On the other hand, poly vinylidene fluoride 50g was added to acetone 600ml, mix for 2 hours, 
it was made to dissolve with a ball mill, mixture was obtained, mezzo-soprano carbon fiber 449g and 
lg of oxalic acid were added into this mixture, it mixed for 5 hours, and the anode active material 
constituent was produced. 

[0094] The aforementioned anode active material constituent was coated using the doctor blade 
which has the gap of 420 micrometers on the copper thin film with 178 micrometers [ in thickness ], 
and a width of face of 5.1cm, it dried and the unit anode electrode board was produced. 
[0095] Polyethylene separator (morning-sun chemical-industry company) with a width of face [ of 
5.25cm ] and a thickness of 1 8 micrometers was made to intervene between the aforementioned 
cathode electrode board and the aforementioned anode electrode board, this was rolled round by the 
jelly roll method, and the electrode assembly was produced. This electrode assembly was put into the 
pouch. 

[0096] On the other hand, it sets in a chemical formula 1. a methyl and Rl -C(=0) C(CH3) =CH 2 
and m, [ R4 R2, and R3 ] 0.2g [ of polysiloxane compounds ], and polyethylene-glycol JTMETA krill 
rate 1.8g whose 1 is n and3, Polyethylene-glycol monochrome methacrylic rate 0.5g, ethoxylation 
trimethylolpropane triacrylate 0.5g, Azobisisobutyronitril O.lg, and (ethylene carbonate EC) / 
dimethyl carbonate (DMC) / dimethyl carbonate (DEC) =. 30g of organic solvents which are 3:3: 1 
(volume ratio) and contain LiPF6 1M is mixed. The constituent for forming a macromolecule gel 
electrolyte was prepared. 3g of this constituent was poured into the pouch containing the electrode 
assembly obtained by the above-mentioned method, and it was sealed. The hthium cell of this 
invention was completed by as a result processing an object in the oven adjusted at 80 degrees C for 4 
hours. 

[0097] Added poly vinylidene fluoride 1 5g to example 2 acetone 600ml, and mix for 2 hours, it was 
made to dissolve with a ball mill, and mixture was obtained. After adding LiCoO2470g and super-P 
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(product made from MMM)1 5g into this mixture, this was mixed for 5 hours and the cathode active 
material constituent was produced. 

[0098] The doctor blade which has the gap of 320 micrometers for the obtained cathode active 
material constituent was used, and it coated on the aluminum thin film with 147 micrometers [ in 
thickness ], and a width of face of 4.9cm, and it dried and the unit cathode electrode board was 
produced. 

[0099] Then, 0.2g [ of the same polysiloxane compounds as an example 1 ] and polyethylene-glycol 
JIMETA krill rate 1 .8g, polyethylene-glycol monochrome methacrylic rate 0.5g, ethoxylation 
trimethylolpropane triacrylate 0.5g, benzophenone O.lg, and 30g of organic solvents which are 
EC:DMC:DEC=3:3:1 (volume ratio) and contain LiPF6 by 1M were mixed, and the constituent for 
forming a macromolecule gel electrolyte was manufactured. After using and casting a doctor blade 
for the cathode electrode board which manufactured this constituent above, 365nm UV is irradiated 
for 1 .5 hours, and was stiffened, and the cathode electrode in which the macromolecule gel 
electrolyte was formed was obtained. 

[0100] On the other hand, added poly vinylidene fluoride 50g to acetone 600ml, and mix for 2 hours, 
it was made to dissolve with a ball mill, and the constituent was obtained. Mezzo-soprano carbon 
fiber 449g and lg of oxalic acid were added into this mixture, it mixed for 5 hours, and the anode 
active material constituent was prepared. 

[0101] The doctor blade which has the gap of 420 micrometers for the aforementioned anode active 
material constituent was used, and it coated on the copper thin film with 178 micrometers [ in 
thickness ], and a width of face of 5.1cm, and it dried and the unit anode electrode board was 
produced. 

[0102] After making polyethylene separator (morning-sun chemical-industry company) with a width 
of face [ of 5.25cm ], and a thickness of 18 micrometers intervene between the aforementioned 
cathode electrode boards and the aforementioned anode electrode boards with which the 
macromolecule gel electrolyte was formed, this was rolled round by the jelly roll method and the 
electrode assembly was produced. This electrode assembly was put in in the pouch and the lithium 
cell was completed. 

[0103] If it removed having made the anode electrode board cast and harden the constituent for 
forming an example 3 macromolecule gel electrolyte instead of a cathode electrode board, the lithium 
cell was produced by the same method as an example 2. 

[0104] If it removed having cast the constituent for forming an example 4 macromolecule gel 
electrolyte for both the cathode electrode board and the anode electrode board, the lithium cell was 
produced by the same method as an example 2. 

[0105] Added poly vinylidene fluoride 15g to example 5 acetone 600ml, and mix for 2 hours, it was 
made to dissolve with a ball mill, and mixture was obtained. LiCoO2470g and super-P (product made 
from MMM)1 5g were added into this mixture, it mixed for 5 hours, and the cathode active material 
constituent was prepared. 

[0106] The doctor blade which has the gap of 320 micrometers for the aforementioned cathode active 
material constituent was used, and it coated on the aluminum thin film with 147 micrometers [ in 
thickness ], and a width of face of 4.9cm, and it dried and the unit cathode electrode board was 
produced. 

[0107] On the other hand, added poly vinylidene fluoride 50g to acetone 600ml, and mix for 2 hours, 
it was made to dissolve with a ball mill, and mixture was obtained. Mezzo-soprano carbon fiber 
(MCF) 449g and lg of oxalic acid were added into this mixture, it mixed for 5 hours, and the anode 
active material constituent was prepared. 

[01 08] The doctor blade which has the gap of 420 micrometers for the aforementioned anode active 
material constituent was used, and it coated on the copper thin film with 1 78 micrometers [ in 
thickness ], and a width of face of 5. 1 cm, and it dried and the unit anode electrode board was 
produced. 
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[0109] After making polyethylene separator (morning-sun chemical-industry company) with 18 
micrometers [ in thickness ], and a width of face of 5.25cm intervene between the aforementioned 
cathode electrode board and the aforementioned anode electrode board, this was rolled round by the 
ZERU roll method and the electrode assembly was produced. This electrode assembly was put in in 
the pouch. 

[0110] On the other hand, it sets in a chemical formula 2. -C(=0) C(CH3) =CH2 and R6 A hydrogen 
atom, [ R2', R3', and R7 ] [ a methyl and R5 ] 3 and x 0.2g of 5 polysiloxane-polyoxyalkylene 
compounds, [ m', n', and 1' J Polyethylene-glycol JIMETAKURIRURE - TOl .8g, polyethylene-glycol 
monochrome methacryUc rate 1 g, Ethoxylation trimethylolpropane triacrylate 0.05g, 
azobisisobutyronitril O.Olg, and 30g of organic solvents which are EC:DMC:DEC=3:3:1 (volume 
ratio) and contain LiPF6 by 1M are mixed. The constituent for forming a macromolecule gel 
electrolyte was manufactured. 3g of this constituent was poured into the pouch cell obtained in the 
example 1 , and this was sealed. Then, the lithium cell was produced by processing join fruit in the 
oven adjusted at 80 degrees C for 4 hours. 

[01 1 1] Added poly vinylidene fluoride 15g to example 6 acetone 600ml, and mix for 2 hours, it was 
made to dissolve with a ball mill, and mixture was obtained. LiCoO2470g and super-P (product made 
from MMM)15g were added into this mixture, it mixed for 5 hours, and the cathode active material 
constituent was prepared. 

[0112] The aforementioned cathode active material constituent was coated using the doctor blade 
which has the gap of 320 micrometers on the aluminum thin film with 147 micrometers [ in 
thickness ], and a width of face of 4.9cm, it dried and the unit cathode electrode board was produced. 
[01 13] Then, 0.2g [ of the same polysiloxane-polyoxyalkylene compounds as an example 5 ] and 
polyethylene-glycol JIMETA krill rate 1.8g, polyethylene-glycol monochrome methacryUc rate lg, 
ethoxylation trimethylolpropane triacrylate 0.05g, benzophenone O.Olg, and 30g of organic solvents 
which are EC:DMC:DEC=3:3:1 (volume ratio) and contain LiPF6 by 1M were mixed, and the 
constituent for forming a macromolecule gel electrolyte was prepared. After using and casting a 
doctor blade for the cathode electrode board which manufactured this constituent above, UV with a 
wavelength of 365nm was irradiated for 1 .5 hours, and was stiffened. 

[01 14] On the other hand, added poly vinylidene fluoride 50g to acetone 600ml, and mix for 2 hours, 
it was made to dissolve with a ball mill, and mixture was obtained. Mezzo-soprano carbon fiber 
(MCF) 449g and lg of oxalic acid were added into this mixture, it mixed for 5 hours, and the anode 
active material constituent was prepared. 

[0115] The doctor blade which has the gap of 420 micrometers for the aforementioned anode active 
material constituent was used, and it coated on the copper thin film with 178 micrometers [ in 
thickness ], and a width of face of 5.1cm, and it dried and the unit anode electrode board was 
produced. 

[01 16] After making polyethylene separator (morning-sun chemical-industry company) with a width 
of face [ of 5.25cm ], and a thickness of 1 8 micrometers intervene between the cathode electrode 
boards and anode electrode boards with which the macromolecule gel electrolyte was formed, this 
was rolled round by the jelly roll method and the electrode assembly was produced. This electrode 
assembly was put in in the pouch and the lithium cell was produced. 
[0117] If it removed having cast the constituent for forming an example 7 macromolecule gel 
electrolyte for the anode electrode board instead of the cathode electrode board, the lithium cell was 
produced by the same method as an example 6. 

[01 18] If it removed having cast the constituent for forming an example 8 macromolecule gel 
electrolyte for both the cathode electrode board and the anode electrode board, the hthium cell was 
produced by the same method as an example 6. 

[01 19} Instead of the constituent for fonning the macromolecule gel electrolyte of the example this 
invention of comparison, it is 1M. If it removed having used the mixed solution (Ube Industries, Ltd 
make) which contains LiPF6 and EC/DMC/DEC by the volume ratio 3:3:4, the lithium cell was' 
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produced by the same method as an example 1 . 

[0120] The lithium cell of the characterization of cell> test-method examples 1-8 and the example 
of comparison evaluated reliability and safety by the life characteristic test, the penetration 
examination, the expansion test at the time of elevated-temperature neglect (85 degrees C), and the 
liquid spill examination under pressure 40 kg^cm2. 

[0121] The life characteristic test was made by observing the volume change of the cell according 
charge and discharge to a 1 00 cycle deed and it using the lithium cell of examples 1 -8 and the 
example 1 of comparison. This evaluation made it desirable for there to be few volume changes. 
[0122] The penetration experiment made the nail with a diameter of 5mm penetrate in the direction 
perpendicular to the major axis of after 3-hour charge and a cell in the center with the current of 0.2C, 
and investigated the existence of the ignition phenomenon of a cell, and a rupture phenomenon. 
[0123] After leaving an expansion test at 85 degrees C after 3-hour charge in the current of 0.2C for 4 
hours, it measured and evaluated the thickness of a cell. The thickness of the cell after neglect 
presupposed that it is good, when initial thickness became 1 1 0% or less. 

[0124] The disclosure examination investigated the existence of a liquid spill, after pressurizing the 
cell for 1 0 seconds by the pressure of 40 kgf7cm2. 

[0125] Test-result drawing 3 is a graph which shows the life property of the lithium cell of an 
example 1 and the example of comparison. According to this, the volume decrease of the cell of an 
example 1 was almost of the same grade as the example of comparison. Moreover, in the penetration 
examination, neither ignition nor rupture takes place, but is maintaining 1 10% of the initial thickness 
of a cell also in the expansion test further, and did not carry out a liquid spill from inside in the 
disclosure examination further. Since examples 2-8 also showed the almost same result, they were 
found by that the lithium cell of this invention has the outstanding life property. 
[0126] As mentioned above, since the lithium cell of examples 1-8 can maintain the gel excellent in 
the electrolytic solution, it turns out that expansion of external disclosure of the electrolytic solution, 
the electrode assembly by the electrolytic solution, or a pouch can be suppressed, and it has the 
reliability and the safety superior to the cell of the example of comparison. 
[0127] 

[Effect of the Invention] By hardening the constituent containing the polysiloxane compound or 
polysiloxane-polyoxyalkylene compound containing a siloxane unit or an oxy-alkylene unit, by the 
bird clapper, the macromolecule gel electrolyte of this invention can offer the lithium cell which can 
suppress expansion effectively while it is excellent in a physical characteristic and an electrochemical 
property. Since expansion of an electrolytic external disclosure, the electrode assembly by the 
electrolytic solution, or a pouch is suppressed, the lithium cell obtained using the electrolyte 
concerned has high reliability and high safety. 
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* NOTICES * 

Japan Patent Office is not responsible for. any. 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. * * * * shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



TECHNICAL FIELD 

[The technical field to which invention belongs] this invention relates to the lithium cell which raised 
safety and reliability using the macromolecule gel electrolyte which can maintain a gel more good in 
a detail about the lithium cell which comes to use a macromolecule gel electrolyte and it 
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PRIOR ART 

[Description of the Prior Art] Compared with a conventional nickel-cadmium battery and a 
conventional nickel hydrogen atom cell, the energy density and voltage per unit volume are high, the 
weight of a cell is also those half extent, and a lithium cell is characterized by the charge-and- 
discharge cycle-life property being excellent, and not having a bad influence on environment. 
Therefore, the lithium cell attracts the interest as a next-generation highly efficient battery, and the 
contribution to the formation of small lightweight and prolonged use of portable electronic equipment 
is expected. 

[0003] A lithium cell can be divided roughly into the lithium ion battery which uses a liquid 
electrolyte, and the lithium ion polymer battery which uses a polymer-like electrolyte. A lithium ion 
battery seals an electrode assembly in the case of a cylindrical shape or a square shape. However, 
recently, the method of sealing an electrode assembly by the pouch attracts attention instead of using 
such a case. There is an advantage which thin-shape-izing and lightweight-izing of a cell are possible, 
and can also cut down the cost of materials by use of a pouch since a unit mass and the energy density 
per volume can be raised further. 

[0004] Drawing 1 is the decomposition perspective diagram having shown typically an example of 
the lithium ion battery which used the general pouch. The lithium ion battery shown by drawing 1 
consists of the electrode assembly 10 containing a cathode 11, an anode 12, and separator 13, and the 
case 14 which wraps and seals this electrode assembly 10. In this case, the electrode assembly 10 is 
formed by rolling round what inserted separator 13 between the cathode 1 1 and the anode 12. 
Furthermore, the cathode tap 15 and anode tap 15* which play the role of the electric path of the 
electrode assembly 10 and the exterior are pulled out from a cathode 11 and an anode 12, and form an 
electrode terminal 16 and 16\ 

[0005] Drawing 2 is the decomposition perspective diagram having shown an example of the 
conventional lithium ion polymer battery typically. The lithium ion polymer battery shown by 
drawing 2 consists of the electrode assembly 21 containing a cathode, an anode, and separator, and 
the case 22 which wraps and seals the electrode assembly 21. in this case - an electrode - an 
assembly — 21 — having been generated — current - the exterior -- guiding — a sake — electric -- a 
path - a role — achieving — an electrode terminal (or lead wire) — 24 - 24 — * — a cathode — and - an 
anode - having - having had a cathode a tap - 23 - and - an anode - a tap - 23 — ' - 
connecting - having - **** - these ~ a case - 22 - outside - predetermined - length - extending 
[0006] After putting in the electrode assemblies 10 or 21 in a case 14 or 22 and pouring in the 
electrolytic solution here, exposing a part of electrode-terminal 16, 16' or 24, and 24' outside, such a 
lithium ion battery of drawing 1 and a lithium ion polymer battery of drawing 2 apply heat and a 
pressure, and are manufactured by making it paste up with the heat adhesive property matter, and 
sealing the marginal part of an up case, and the marginal part of a lower case. 
[0007] When the electrolyte which contains an organic solvent with the low boiling point here is 
used, the phenomenon in which an electrode assembly and a pouch expand occurs and there is a 
problem that the reliability and the safety of a cell fall. 

[0008] In order to solve such a problem, the method of stiffening a flat-surface form cell with 
ultraviolet rays (UV) and an electron beam, and making it, or not pouring in the electrolytic solution 
separately, i.e., the method of coating an electrode pipe with gel beforehand etc., is proposed (U.S. 
Pat. No. 5,972,539, U.S. Pat. No. 5,279,910, U.S. Pat. No. 5,437,942, and U.S. Pat. No. 5,340,368). 
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However, by these methods, it was not able to prevent and ease with the level with which should be 
satisfied of an expansion phenomenon. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] By hardening the constituent containing the polysiloxane compound or 
polysiloxane-polyoxyalkylene compound containing a siloxane unit or an oxy-alkylene unit, by the 
bird clapper, the macromolecule gel electrolyte of this invention can offer the lithium cell which can 
suppress expansion effectively while it is excellent in a physical characteristic and an electrochemical 
property. Since expansion of an electrolytic external disclosure, the electrode assembly by the 
electrolytic solution, or a pouch is suppressed, the lithium cell obtained using the electrolyte 
concerned has high reliability and high safety. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering the 
macromolecule gel electrolyte which can suppress the expansion phenomenon by the electrolytic 
solution effectively. Moreover, other purposes of this invention are offering the high lithium cell of 
reliability and safety using such a macromolecule gel electrolyte. 
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MEANS 




[Means for Solving the Problem] The polyethylene oxide conventionally used in order that this 
invention persons may prepare a gel electrolyte, Instead of the polymer which makes a polypropylene 
oxide a principal chain and has functional groups, such as an acrylic, a vinyl, and an epoxy group 
While excelling in a physical characteristic and an electrochemical property by hardening the 
constituent containing the polysiloxane compound or polysiloxane-polyoxyalkylene compound 
containing a siloxane unit or an oxy-alkylene unit It finds out that the electrolyte which can suppress 
expansion effectively is obtained, and came to complete this invention. 
[0011] Therefore, this invention is chemical formula 1: [0012]. 
[Formula 8] 



R'-O-CCIfe)* 



[0013] The inside of [formula and Rl are [0014]. 
[Formula 9] 

-c-c=< -c=< 

^ R13 

[0015] It is the alkyl in which it appears, and exists, R2 and R3 are chosen as from the group which 
consists of the alkyl and phenyl which may have independently branching of carbon numbers 1-5, 
respectively, a benzyl, and an allyl compound, and R4 may have branching of an allyl compound and 
carbon numbers 1-5, and [0016]. 
[Formula 10] 

-c— c=c^ t . isitf -c=cC 

[0017] a shell - it is one chosen from a group, R8-R19 are the alkyls which may have independentiy 
branching of a hydrogen atom or carbon numbers 1-5, respectively, m is 1-5, n is 1-20, and 1 is 1-20] 
Polysiloxane compound [ which is come out of and shown ], or chemical formula 2: [0018] 
[Formula 11] 

/ f \ f ( R 6 \ 

R 5 -0— ( Clfe )_r+- Si-O-H-Si— ( C% ) , - O -^CIfe-CH-0 ^-R 7 

[0019] It is the alkyl in which R2' and R3' are chosen as from the group which consists of the alkyl 
and phenyl which may have independently branching of carbon numbers 1-5, respectively, a benzyl, 
http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/3/2003 



Page2of8 

and an allyl compound among [formula, and R5 and R7 may have independendy branching of carbon 

numbers 1-5, respectively, and [0020]. 

[Formula 12] 

O R 20 _ai _23 

» » ^ R R D 24 

-c-c=c^ -_=<* 

^ R 25 

[0021] a shell - it chooses from a group - having -- at least one [ however, ] of R5 and the R7 - 
[0022] 

[Formula 13] 
?, r2 ° R 21 R 23 

-c— c=tr i /R 24 

^ R 25 

[0023] It comes out, and it is, R6 is the alkyl which may have branching of a hydrogen atom or 
carbon numbers 1-5, and R20-R25 are [ m' is 1-5, n' is 1-20, 1' is 1-20, x is 1-15, and ] the alkyls 
which may have independently branching of a hydrogen atom or carbon numbers 1-5, respectively.] 
The polysiloxane-polyoxyalkylene compound come out of and shown, and chemical formula 3- 
[0024] 

[Formula 14] 

H J C=C(R')C( = 0)(OCH J CH J ).OR- 

[0025] [-- R' is a hydrogen atom or CH3 among a formula, R" is a hydrogen atom, -C(=0) CH=CH2, 
or -C(=0) C(CH3) =CH2, and z is 1-20] It is the macromolecule gel electrolyte which is made to 
harden the constituent which comes out and contains the polyethylene-glycol derivative shown and 
the organic solvent containing lithium salt, and is characterized by the bird clapper. 
[0026] Furthermore, this invention is the aforementioned macromolecule gel electrolyte characterized 
by the aforementioned polyethylene-glycol derivative being or more [ it is chosen from the group 
which consists of polyethylene glycol dimethacrylate, polyethylene-glycol diacrylate, polyethylene 
glycol monomethacrylate, and polyethylene-glycol monoacrylate ] one. 
[0027] The content of the polysiloxane-polyoxyalkylene compound shown with the polysiloxane 
compound or the aforementioned chemical formula 2 in which this invention is furthermore shown 
with the aforementioned chemical formula 1 is the aforementioned macromolecule gel electrolyte 
which the content of the polyethylene-glycol derivative which is 0.1 - 10 mass section and is shown 
with the aforementioned chemical formula 3 is 0.4 - 50 mass section, and is characterized by the 
content of the organic solvent containing lithium salt being 50 - 97 mass section on the basis of the 
constituent 100 mass section. 

[0028] Furthermore, this invention is the aforementioned macromolecule gel electrolyte characterized 
by the aforementioned constituent containing ethoxylation trimethylolpropane triacrylate further. 
[0029] Furthermore, it is the aforementioned macromolecule gel electrolyte with which, as for this 
invention, the content of the aforementioned ethoxylation trimethylolpropane triacrylate is 
characterized by being 0-5 mass section on the basis of the constituent 100 mass section. 
[0030] Furthermore, this invention is the aforementioned macromolecule gel electrolyte characterized 
by the aforementioned constituent containing in 0.1 - 5 mass section pan one or more polymerization 
initiators chosen from a benzophenone, a benzoyl peroxide, an acetyl peroxide, a lauroyl peroxide, 
and the group that consists of an azobisisobutyronitril on the basis of the constituent 100 mass 
section. 

[0031] Furthermore, this invention is the aforementioned macromolecule gel electrolyte which the 
aforementioned hardening is made by thermal polymerization, the polymerization by the electron 
beam, or the polymerization by UV, and is characterized by the bird clapper. 

[0032] Furthermore, this invention is the aforementioned macromolecule gel electrolyte characterized 
by polymerization temperature being 60-100 degrees C in the aforementioned thermal 
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polymerization. 

[0033] Furthermore, this invention is, or more [ the aforementioned lithium salt is chosen from the 
group which consists of LiC104, LiBF4, LiPF6, LiAsF6, LiCF3S03, and LiN(CF3S02) 2 ] one, and 
the aforementioned organic solvent is the aforementioned macromolecule gel electrolyte 
characterized by being, or more [ it is chosen from the group which consists of propylene carbonate, 
ethylene carbonate, dimethyl carbonate, methylethyl carbonate, diethyl carbonate, vinylene carbonate, 
triglyme tetraglyme, and gamma-butyrolactone ] one. 

[0034] Furthermore, this invention is a lithium cell possessing the case having the electrode assembly 
containing the separator which intervenes between a cathode, an anode, and the aforementioned 
cathode and the aforementioned anode, the aforementioned macromolecule gel electrolyte, and the 
aforementioned electrode assembly and the aforementioned macromolecule gel electrolyte. 
[0035] It is the aforementioned lithium cell which the aforementioned electrode assembly is formed 
for this invention of rolling up, and is furthermore characterized by the aforementioned case being a 
pouch type. 

[0036] Furthermore, this invention is the aforementioned lithium cell characterized by the 
aforementioned separator being the sheet which combined a polyethylene sheet, a polypropylene 
sheet, or these. 
[0037] 

[Embodiments of the Invention] The macromolecule gel electrolyte of this invention makes it come 
to harden the constituent containing a polysiloxane compound, a polysiloxane-polyoxyalkylene 
compound, a polyethylene-glycol derivative, and the organic solvent containing lithium salt, the 
constituent concerned ~ the following and "the constituent for forming a macromolecule gel 
electrolyte" - or it is only called a "constituent" 
[0038] Each component first contained in a constituent is explained. 
[0039] A polysiloxane compound is chemical formula 1: [0040]. 
[Formula 15] 



fc^stl 

[0041] It is come out and shown. The inside of a formula and Rl are [0042]. 
[Formula 16] 

-c-c=< *fc* -c=< 

R 13 

[0043] It comes out, and it is and R8-R13 are the alkyls which may have branching of a hydrogen 
atom or carbon numbers 1-5. As Rl, specifically, -C(=0) CH=CH2, -C(=0) C(CH3) =CH2, and -C 
(=0) CH=CHCH3 are mentioned, and it is -C(=0) C(CH3) =CH2 preferably. 
[0044] R2 and R3 are chosen independently from the group which consists of the alkyl and phenyl 
which may have branching of carbon numbers 1-5, a benzyl, and an allyl compound, respectively. As 
R2 and R3, specifically, a methyl, ethyl, a propyl, an isopropyl, n-butyl, sec-butyl, ter-butyl, a pentyl, 
and an isopentyl are mentioned, and they are a methyl, ethyl, a phenyl, or a benzyl preferably. 
[0045] R4 is an allyl compound (-CH2 CH=CH2), the alkyl which may have branching of carbon 
numbers 1-5, and [0046]. 
[Formula 17] 

-c-c=c^ r1S * tv -c=< Rl , 




[0047] a shell - it is one chosen from a group and R14-R19 are the alkyls which may have branching 
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of a hydrogen atom or carbon numbers 1-5 As R4, specifically, -C(=0) C(CH3) =CH2, -C(=0) 
CH=CHCH3, a methyl, ethyl, a propyl, an isopropyl, n-butyl, sec-butyl, ter-butyl, a pentyl, and an 
isopentyl are mentioned, and they are a methyl and -C(=0) C(CH3) =CH2 preferably. 
[0048] m is 1-5. n - 1-20 - it is 1-10 preferably 1 - 1-20 - it is 1-10 preferably When m, n, and 1 are 
this range, since the compound shown with a chemical formula 1 is excellent in solubility, reactivity, 
and the cell performance side, it is desirable. 

[0049] As such a polysiloxane compound, -C(=0) C(CH3) =CH2 and R2 A methyl, [ Rl ] The 
polysiloxane compound whose R4 R3 is a methyl and is a methyl, and m, n and 13, Ethyl and R3 A 
methyl, [ Rl ] [ -C(=0) C(CH3) =CH2 and R2 ] The polysiloxane compound 3 or whose 51 2 or 3n is 
[ R4 ] 3 or 5 for a methyl and m, A phenyl and R3 A methyl, [ Rl ] [ -C(=0) C(CH3) =CH2 and R2 ] 
The polysiloxane compound 2 or 3, and whose n and 1 a methyl and m are 3 or 5 for R4 A benzyl and 
R3 A methyl, [ Rl ] [ -G(=0) C(CH3) =CH2 and R2 ] The polysiloxane compound 2 or 3, and whose 
n and 1 a methyl and m are 3 or 5 for R4, A phenyl and R3 A methyl, [ Rl ] [ -C(=0) C(CH3) =CH2 
and R2 ] R4 - ethyl and m= ~ 2 or 3, and n= - 3 or 5, and 1= - the polysiloxane compound which is 
3 or 5 - A benzyl and R3 A methyl, [ Rl ] [ -C(=0) C(CH3) =CH2 and R2 ] The polysiloxane 
compound 2 or 3, and whose n and 1 ethyl and m are 3 or 5 for R4, Since it excels in ********, 
reactivity, and the cell performance side, it is used preferably, and the polysiloxane compound a 
methyl and whose R4 are [ Rl / -C(=0) C(CH3) =CH2 and R2 ] a methyl, and m, n and 13 also 
especially in these for a methyl and R3 is desirable. 

[0050] Next, a polysiloxane-polyoxyalkylene compound is explained. The compound concerned is 
Chemical formula 2: [0051]. 
[Formula 18] 

R 5 -0~ ( Clfe ) a 7-^- Si-O-4- Si- ( Clfe ) , - O ~^CB2- CH- O ^-R 7 

[0052] It is come out and shown. R2' and R3' are chosen from the group which consists of the alkyl 
and phenyl which may have independently branching of carbon numbers 1-5, respectively, a benzyl, 
and an allyl compound among a formula. Specifically, a methyl, ethyl, a propyl, an isopropyl, n-butyl, 
sec-butyl, ter-butyl, a pentyl, an isopentyl, etc. are mentioned, and they are a methyl, ethyl, a phenyl, ' 
or a benzyl preferably. 

[0053] R5 and R7 are the alkyl which may have branching of carbon numbers 1-5, and [0054] 
independently, respectively. 
[Formula 19] 

?, ?" R 21 R 23 

-C— C=C^ _' x- R 

C ^R« 

[0055] a shell - it chooses from a group - having - at least one [ however, ] of R5 and the R7 - 
[0056] 

[Formula 20] 

?, ? 2 ° R 21 R 23 
-C— C=(T ' ^R 24 

^ R 25 

[0057] It comes out, and it is and R20-R25 are the alkyls which may have independently branching of 
a hydrogen atom or carbon numbers 1-5, respectively. As R5 or R7, specifically, -C(=0) C(CH3) 
=CH2, -C(=0) CH=CHCH3, a methyl, ethyl, a propyl, an isopropyl, n-butyl, sec-butyl, ter-butyl, a 
pentyl, an isopentyl, etc. are mentioned, and they are -C(=0) C(CH3) =CH2 or a methyl preferably. 
[0058] R6 is the alkyl which may have branching of a hydrogen atom or carbon numbers 1-5, and, 
specifically, a methyl, ethyl, a propyl, an isopropyl, n-butyl, sec-butyl, ter-butyl, a pentyl, an ' 
isopentyl, etc. are mentioned as this alkyl. It is a hydrogen atom preferably as R6. 
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[0059] m' is 1-5. n' is 1-20 and is 1-10 preferably. 1' is 1-20 and is 1-10 preferably, x is 1-15. m - ' - 
n -- * — 1 -- ' — and — x — this - the range — it is — the time — a chemical formula — two — being 
shown - having - a compound - solubility -- reactivity - and — a cell - a performance — a field - 
excelling — **** — a sake — being desirable . 

[0060] As a polysiloxane-polyoxyalkylene compound shown with such a chemical formula 2 -C(=0) 
C(CH3) =CH2 and R6 A hydrogen atom, [ R2' ] [ a methyl and R3' ] [ a methyl and R5 ] R7 A 
methyl, m\ the polysiloxane-polyoxyalkylene compound whose x n' and P are 3 and is 5, -C(=0) C 
(CH3) =CH2 and R6 A hydrogen atom, [ R2' ] [ ethyl and R3' ] [ a methyl and R5 ] The polysiloxane- 
polyoxyalkylene compound 3, or whose 5 and x 2 or 3, n\ and P are [ R7 ] 3, 5, or 10, respectively for 
a methyl and m\ -C(=0) C(CH3) =CH2 and R6 A hydrogen atom, [ R2' ] [ a benzyl and R3' ] [ a 
methyl and R5 ] The polysiloxane-polyoxyalkylene compound 3, or whose 5 and x 2 or 3, n\ and P 
are [ R7 ] 3, 5, or 10, respectively for a methyl and m\ -C(=0) C(CH3) =CH2 and R6 A hydrogen 
atom, [ R2' ] [ a phenyl and R3' ] [ a methyl and R5 ] The polysiloxane-polyoxyalkylene compound 3, 
or whose 5 and x 2 or 3, n\ and P are [ R7 ] 3, 5, or 10, respectively for a methyl and m\ -C(=0) C 
(CH3) =CH2 and R6 A hydrogen atom, [ R2' ] [ a benzyl and R3' ] [ a methyl and R5 ] Since the 
polysiloxane-polyoxyalkylene compound 3, or whose 5 and x 2 or 3, n\ and P are [ R7 ] 3, 5, or 10, 
respectively for a methyl and m* is excellent in solubility, reactivity, and the cell performance side, it 
is used preferably, these - inside - **** - especially - R - two - ' - a methyl - R - three - 9 ~ a 
methyl - R - five - C (=0) - C (CH3) - = - CH - two - R - six - a hydrogen atom - R - seven - 
a methyl - m - * - n - * - and - 1 - ' - three - x - five - it is ~ a polysiloxane - a compound - 
being desirable . 

[0061] As for the content of the polysiloxane-polyoxyalkylene compound shown with the 
polysiloxane compound or chemical formula 2 shown with a chemical formula 1, it is desirable that it 
is 0.1 - 10 mass section on the basis of the constituent 100 mass section. The effect of a performance 
improvement of the cell according to addition of these compounds when a content is under the 0.1 
mass section here is low, and when exceeding 10 mass sections, there is a possibility that the 
performance of a cell may fall. 

[0062] Although the polysiloxane compound shown with a chemical formula 1 can make for 
example, a dihydroxy end polysiloxane and an acryloyl chloride able to react and can manufacture a 
polysiloxane compound, it is not limited to this but can be manufactured by the method of this 
business world common knowledge. Similarly, the polysiloxane-polyoxyalkylene compound shown 
with a chemical formula 2 can be manufactured by various methods. For example, although an 
acryloyl chloride can be made to be able to react to the polysiloxane-polyoxyalkylene which a 
dihydroxy end polysiloxane and ethylene oxide are made to react, and is manufactured and a 
polysiloxane-polyoxyalkylene compound can be manufactured, it is not limited to this but can 
manufacture by the method of this business world common knowledge. 
[0063] Next, a polyethylene-glycol derivative is explained. The polyethylene-glycol derivative 
concerned is chemical formula 3: [0064]. 
[Formula 21] 

H 2 C=C(R , )C( = 0)(OCH 2 CH s ) a OR w 

[0065] It is come out and shown. R' is a hydrogen atom or CH3 among a formula, R" is a hydrogen 
atom, -C(=0) CH=CH2, or -C(=0) C(CH3) =CH2, and z is 1-20. Polyethylene glycol dimethacrylate, 
polyethylene-glycol diacrylate, polyethylene glycol monomethacrylate, polyethylene-glycol 
monoacrylate, etc. are mentioned preferably as such a polyethylene-glycol derivative. These may be 
used independently, respectively, and it may mix and they may be used. By using especially 
polyethylene glycol dimethacrylate, polyethylene glycol monomethacrylate, or those mixture, since 
the performance of a cell can be raised, it is desirable. 

[0066] The range of the content of the polyethylene-glycol derivative concerned has desirable 0.4 - 50 
mass section on the basis of the constituent 100 mass section. When a content is under the 0.4 mass 
section here, hardening reactivity falls, and when exceeding 50 mass sections, there is a possibility 
that the performance of a cell may fall. However, since the range of the content of a polyethylene- 
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glycol derivative is various by what is used, it is not this limitation. Hereafter, the range of a desirable 
content is described concretely. For example, as for the content of polyethylene glycol 
dimethacrylate, it is desirable that it is 0.5 - 50 mass section on the basis of the constituent 100 mass 
section, and, as for the content of polyethylene glycol monomethacrylate, it is desirable that it is 0.4 - 
50 mass section on the basis of the constituent 100 mass section. 

[0067] Next, the organic solvent containing the lithium salt of this invention is explained. It is 
desirable that it is or more [ it is chosen from the group which consists of a hthium perchlorate 
(LiC104), a 4 boron-fluoride hthium (IiBF4), a 6 fluoride / phosphorus / hthium (IiPF6), a 6 
fluoride arsenic hthium (IiAsF6), a 3 fluoride methansulfonic acid hthium (UCF3S03), and a 
RICHIUMUBISU trifluoromethane sulfonyl amide (LiN2 (CF3S02)) as hthium salt ] one. It is IiPF6 
especially preferably. Of course, well-known hthium salt is usable at the technical field concerned 
besides the above. 

[0068] It is desirable that it is or more [ it is chosen from the group which consists of propylene 
carbonate, ethylene carbonate, dimethyl carbonate, methylethyl carbonate, diethyl carbonate, 
BINIRUREN carbonate, triglyme, tetraglyme, and gamma-butyrolactone as an organic solvent ] one. 
Especially, preferably, it is ethylene carbonate (EC), dimethyl carbonate (DMC), and dimethyl 
carbonate (DEC), and these may be used independently, and you may mix and use by the suitable 
volume ratio. Of course, a well-known organic solvent is usable at the technical field concerned 
besides the above. 

[0069] As for the content of the organic solvent containing such hthium salt, it is desirable that it is 
50 - 97 mass section on the basis of the constituent 100 mass section. And as for the content of 
hthium salt, it is desirable that it is 0.5-3 mols to organic-solvent 1L. When the content of an organic 
solvent and hthium salt separates from the aforementioned range here, there is a possibility that the 
performance of a cell may fall. 

[0070] As for the constituent of this invention, it is still more desirable that ethoxylation 
trimethylolpropane triacrylate (ethoxylated trimethylol propane triacrylate) is included. The hardening 
reaction of a constituent can be promoted by including such a compound. The content of ethoxylation 
trimethylolpropane triacrylate has a possibility that the performance of a cell may fall, when it is 
desirable that it is 0 - 5 mass section and it exceeds 5 mass sections on the basis of the constituent 
100 mass section here. 

[0071] The constituent for forming the macromolecule gel electrolyte of this invention can be 
obtained by mixing the polysiloxane-polyoxyalkylene compound shown with the polysiloxane 
compound or chemical formula 2 shown with the chemical formula 1 described above, a 
polyethylene-glycol derivative, and the organic solvent containing hthium salt. 
[0072] Furthermore, as for the aforementioned constituent, it is desirable that one or more 
polymerization initiators chosen from a benzophenone, a benzoyl peroxide, an acetyl peroxide, a 
lauroyl peroxide, and the group that consists of an azobisisobutyronitril are included, and, generally 
especially an azobisisobutyronitril is used. Generally, on the basis of the constituent 100 mass 
section, although the content of a polymerization initiator is 0.1 - 5 mass section, it should choose 
each suitable content according to the kind here. 

[0073] The macromolecule gel electrolyte of this invention is manufactured by hardening the 
constituent containing an above-mentioned component. Hardening is desirable and thermal 
polymerization, the polymerization by the electron beam, or the polymerization by UV is used. Each 
polymerization method is explained in detail below. 

[0074] Thermal polymerization is performed by processing a constituent in predetermined 
polymerization time in the oven adjusted by polymerization temperature. In the case of less than 60 
degrees C, as for polymerization temperature, it is desirable that it is 60-100 degrees C, and there is a 
possibility that a polymerization may become inadequate, and if 100 degrees C is exceeded on the 
other hand, an expansion phenomenon may produce it here, carrying out the polymerization of the 
polymerization time for example, within a case - or although it is not limited since it is required to 
adjust suitably by whether a polymerization is carried out in the state where it cast for the film, 
generally it is about 4 hours 

[0075] The polymerization by the electron beam is made when predetermined carries out time 
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irradiation of the electron beam at a constituent. The output of this electron beam is usually 1.5eV or 
more, and in the case of less than 1.5eV, the long setting time is needed or it has fear, like hardening 
becomes inadequate here. Generally, as for time to irradiate an electron beam, it is desirable that it is 
30 seconds or more, and when time is less than 30 seconds, it has a possibility that a polymerization 
may become inadequate. The polymerization by such electron beam can shorten reaction time 
compared with above-mentioned thermal polymerization, and has the advantage of not needing a 
polymerization initiator further. 

[0076] The polymerization by UV is made when predetermined carries out time irradiation of the UV 
at a constituent. Generally, the wavelength of this UV has a possibility that a polymerization may 
become inadequate, when it is desirable that it is 250-365nm and it separates from this range here. 
Generally, as for time to irradiate UV, it is desirable that it is 30 seconds or more, and when time is 
less than 30 seconds, it has a possibility that a polymerization may become inadequate. The 
polymerization by such UV has the advantage that reaction time can be shortened compared with 
above-mentioned thermal polymerization. 

[0077] Next, how to manufacture a macromolecule gel electrolyte using the constituent mentioned 
above is explained. It prepares within the limits of the content which mentioned each component 
above first. These contents should be chosen the optimal in consideration of the performance of the 
electrochemical stability of the lithium cell manufactured, and a cell etc. Next, the polysiloxane- 
polyoxyalkylene compound shown with the polysiloxane compound or chemical formula 2 shown 
with a chemical formula 1, the polyethylene-glycol derivative shown with a chemical formula 3, and 
ethoxylation trimethylolpropane triacrylate are mixed. Into this mixture, the above-mentioned 
polymerization initiator is added further if needed, the organic solvent which contains lithium salt 
further is added and stirred into it, and a uniform constituent is obtained. The obtained constituent is 
hardened by the thermal polymerization mentioned above, the polymerization by the electron beam, 
or the polymerization by UV. 

[0078] Next, the lithium cell using the macromolecule gel electrolyte of this invention is explained. 
The lithium cell of this invention possesses the case having the electrode assembly containing the 
separator which intervenes between a cathode, an anode, and the aforementioned cathode and the 
aforementioned anode, the macromolecule gel electrolyte of this invention mentioned above, and the 
aforementioned electrode assembly and the aforementioned macromolecule gel electrolyte. 
[0079] Explanation of the cathode active material constituent and anode active material constituent 
which are first used as a cathode or an anode uses preferably for a cathode the cathode active material 
constituent which generally consists of lithium content oxides, such as LiCo02. The anode active 
material constituent which generally contains carbon, graphite, etc. is preferably used for an anode, 
and, generally a mezzo-soprano carbon fiber is desirable especially as carbon. 
[0080] Furthermore, these active material constituent may contain the electric conduction agent, the 
binder, and the solvent suitably. As an electric conduction agent, although not limited to these, carbon 
black etc. is used preferably. Since the conductivity of an electrode active material layer falls when it 
is desirable that it is 1 - 20 mass section and a content exceeds 20 mass sections here on the basis of 
the electrode active material (for example, LiCo02) 100 mass section, and the content of an electrode 
active material becomes low relatively in being under 1 mass section, the content of an electric 
conduction agent is not desirable here. 

[0081] As a binder, a vinylidene fluoride-hexafluoropropylene copolymer (VdF/HFP copolymer), 
poly vinylidene fluoride, a polyacrylonitrile, the poly methyl methacrylic rate, or its mixture is used 
preferably, and, generally especially poly vinylidene fluoride is desirable. As for the content of a 
binder, it is desirable that it is 2 - 30 mass section on the basis of the electrode active material 100 
mass section. When a content is the aforementioned range here, it excels in the bonding strength of 
the electrode active material to an electrode charge collector. 

[0082] As a solvent, if generally used for a lithium cell, all are usable, for example, an acetone and N- 
methyl pyrrolidone are mentioned, and it combines with other components, and is chosen suitably. 
[0083] Although separator will not be restricted especially if used in the field concerned, it is 
desirable that it is the sheet which combined a polyethylene sheet, a polypropylene sheet, or these. It 
is preferably used by the reason especially for being easy to roll round polyethylene separator, and 
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polypropylene / polyethylene / three layer separator of polypropylene. Specifically, the polyethylene 
separator by the morning-sun chemical-industry company is used. 

[0084] Although all are usable if it is the type used in this industry, since especially a pouch type can 
prevent external disclosure of a gel electrolyte good, the case having the aforementioned electrode 
assembly and the aforementioned macromolecule gel electrolyte containing such a cathode, an anode, 
and separator is desirable. 

[0085] Next, the manufacture method of the lithium cell of this invention is explained. First, an 
electrode active material layer is formed on a charge collector using an above-mentioned anode active 
material constituent or an above-mentioned cathode active material constituent, and a cathode 
electrode board and an anode electrode board are produced. An electrode active material layer is 
formed here by the method of coating each active material constituent directly on a charge collector, 
and the method of carrying out the lamination of the film of the active material constituent obtained' 
from this base material by exfoliating after coating and drying each active material constituent in the 
base material upper part separately with a doctor blade on a charge collector. If an active material 
layer can be supported, such a base material can use all, for example, polyethylene terephthal rate 
films, such as a Mylar film (Du Pont make), are suitable for it 

[0086] Next, separator is inserted between the cathode electrode boards and anode electrode boards 
which were obtained, and an electrode assembly is formed in it. Even if it forms the assembly 
concerned by rolling up using the jelly roll method ( drawing 1 ), you may form it in the Bayh cellular 
structure here ( drawing 2 ). Thus, the obtained assembly is installed in a case. 
[0087] Next, the macromolecule gel electrolyte of this invention is formed by preparing the 
constituent for forming the macromolecule gel electrolyte of this invention in a case, and hardening it. 
The method of hardening the case which poured in the constituent for forming the macromolecule gel 
electrolyte of this invention into the case as one method, sealed, and was acquired by the 
polymerization by the electron beam mentioned above or the polymerization by UV is mentioned. 
Thus, when carrying out the polymerization of the constituent within a case, the effect by thermal 
polymerization can stiffen a constituent most efficiently. 

[0088] After casting the constituent for forming the electrolyte of this invention in either an anode 
electrode board or a cathode electrode board and the front face of both these with a doctor blade as 
other methods, the method of hardening by the polymerization by the electron beam mentioned above 
or the polymerization by UV is also desirable. Thus, the lithium cell of this invention can be 
obtained. 

[0089] The lithium cell of this invention is applicable to all of hthium rechargeable batteries, such as 
a hthium primary cell, a hthium ion polymer battery, or a hthium ion battery. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 

[Example] Hereafter, an example is given and this invention is explained more to a detail. 
[0091] Added poly vinylidene fluoride 15g to <production of macromolecule gel electrolyte and 
lithium cell using it> example 1 acetone 600ml, and mix for 2 hours, it was made to dissolve with a 
ball mill, and mixture was obtained. LiCoO2470g and acetylene black (tradename : super - P, product 
made from MMM) 15g were added into this mixture, it mixed for 5 hours, and the cathode active 
material constituent was produced. 

[0092] The aforementioned cathode active material constituent was coated using the doctor blade . 
which has the gap of 320 micrometers on the aluminum thin film with 147 micrometers [in 
thickness ], and a width of face of 4.9cm, it dried and the unit cathode electrode board was produced. 
[0093] On the other hand, poly vinylidene fluoride 50g was added to acetone 600ml, mix for 2 hours, 
it was made to dissolve with a ball mill, mixture was obtained, mezzo-soprano carbon fiber 449g and 
lg of oxalic acid were added into this mixture, it mixed for 5 hours, and the anode active material 
constituent was produced. 

[0094] The aforementioned anode active material constituent was coated using the doctor blade 
which has the gap of 420 micrometers on the copper thin film with 178 micrometers [ in thickness ], 
and a width of face of 5.1cm, it dried and the unit anode electrode board was produced. 
[0095] Polyethylene separator (morning-sun chemical-industry company) with a width of face [ of 
5.25cm ] and a thickness of 18 micrometers was made to intervene between the aforementioned 
cathode electrode board and the aforementioned anode electrode board, this was rolled round by the 
jelly roll method, and the electrode assembly was produced. This electrode assembly was put into the 
pouch. 

[0096] On the other hand, it sets in a chemical formula 1. a methyl and Rl -C(=0) C(CH3) =CH 2 
and m, [ R4 R2, and R3 ] 0.2g [ of polysiloxane compounds ], and polyethylene-glycol JIMETA krill 
rate 1.8g whose 1 is n and3, Polyethylene-glycol monochrome methacrylic rate 0.5g, ethoxylation 
trimethylolpropane triacrylate 0.5g, Azobisisobutyronitril O.lg, and (ethylene carbonate EC) / 
dimethyl carbonate (DMC) / dimethyl carbonate (DEC) = 30g of organic solvents which are 3:3:1 
(volume ratio) and contain LiPF6 1M is mixed. The constituent for forming a macromolecule gel 
electrolyte was prepared. 3g of this constituent was poured into the pouch containing the electrode 
assembly obtained by the above-mentioned method, and it was sealed. The lithium cell of this 
invention was completed by as a result processing an object in the oven adjusted at 80 degrees C for 4 
hours. 

[0097] Added poly vinylidene fluoride 15g to example 2 acetone 600ml, and mix for 2 hours, it was 
made to dissolve with a ball mill, and mixture was obtained. After adding LiCoO2470g and super-P 
(product made from MMM)15g into this mixture, this was mixed for 5 hours and the cathode active 
material constituent was produced. 

[0098] The doctor blade which has the gap of 320 micrometers for the obtained cathode active 
material constituent was used, and it coated on the aluminum thin film with 147 micrometers [ in 
thickness ], and a width of face of 4.9cm, and it dried and the unit cathode electrode board was 
produced. 

[0099] Then, 0.2g [ of the same polysiloxane compounds as an example 1 ] and polyethylene-glycol 
JIMETA krill rate 1.8g, polyethylene-glycol monochrome methacrylic rate 0.5g, ethoxylation 
trimethylolpropane triacrylate 0.5g, benzophenone O.lg, and 30g of organic solvents which are 
http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/3/2003 



Page 2 of 4 

EC:DMC:DEC=3:3:1 <volume ratio) and contain LiPF6 by 1M were mixed, and the constituent for 
forming a macromolecule gel electrolyte was manufactured. After using and casting a doctor blade 
for the cathode electrode board which manufactured this constituent above, 365nm UV is irradiated 
for 1.5 hours, and was stiffened, and the cathode electrode in which the macromolecule gel 
electrolyte was formed was obtained. 

[0100] On the other hand, added poly vinylidene fluoride 50g to acetone 600ml, and mix for 2 hours, 
it was made to dissolve with a ball mill, and the constituent was obtained. Mezzo-soprano carbon 
fiber 449g and lg of oxalic acid were added into this mixture, it mixed for 5 hours, and the anode 
active material constituent was prepared. 

[0101] The doctor blade which has the gap of 420 micrometers for the aforementioned anode active 
material constituent was used, and it coated on the copper thin film with 178 micrometers [ in 
thickness ], and a width of face of 5.1cm, and it dried and the unit anode electrode board was 
produced. 

[0102] After making polyethylene separator (morning-sun chemical-industry company) with a width 
of face [ of 5.25cm ], and a thickness of 18 micrometers intervene between the aforementioned 
cathode electrode boards and the aforementioned anode electrode boards with which the 
macromolecule gel electrolyte was formed, this was rolled round by the jelly roll method and the 
electrode assembly was produced. This electrode assembly was put in in the pouch and the lithium 
cell was completed. 

[0103] If it removed having made the anode electrode board cast and harden the constituent for 
forming an example 3 macromolecule gel electrolyte instead of a cathode electrode board, the lithium 
cell was produced by the same method as an example 2. 

[0104] If it removed having cast the constituent for forming an example 4 macromolecule gel 
electrolyte for both the cathode electrode board and the anode electrode board, the lithium cell was 
produced by the same method as an example 2. 

[0105] Added poly vinylidene fluoride 15g to example 5 acetone 600ml, and mix for 2 hours, it was 
made to dissolve with a ball mill, and mixture was obtained. LiCoO2470g and super-P (product made 
from MMM)15g were added into this mixture, it mixed for 5 hours, and the cathode active material 
constituent was prepared. 

[0106] The doctor blade which has the gap of 320 micrometers for the aforementioned cathode active 
material constituent was used, and it coated on the aluminum thin film with 147 micrometers [ in 
thickness ], and a width of face of 4.9cm, and it dried and the unit cathode electrode board was 
produced. 

[0107] On the other hand, added poly vinylidene fluoride 50g to acetone 600ml, and mix for 2 hours, 
it was made to dissolve with a ball mill, and mixture was obtained. Mezzo-soprano carbon fiber 
(MCF) 449g and lg of oxalic acid were added into this mixture, it mixed for 5 hours, and the anode 
active material constituent was prepared. 

[0108] The doctor blade which has the gap of 420 micrometers for the aforementioned anode active 
material constituent was used, and it coated on the copper thin film with 178 micrometers [ in 
thickness ], and a width of face of 5.1cm, and it dried and the unit anode electrode board was 
produced. 

[0109] After making polyethylene separator (morning-sun chemical-industry company) with 18 
micrometers [ in thickness ], and a width of face of 5.25cm intervene between the aforementioned 
cathode electrode board and the aforementioned anode electrode board, this was rolled round by the 
ZERU roll method and the electrode assembly was produced. This electrode assembly was put in in * 
the pouch. 

[0110] On the other hand, it sets in a chemical formula 2. -C(=0) C(CH3) =CH2 and R6 A hydrogen 
atom, [ R2', R3\ and R7 ] [ a methyl and R5 ] 3 and x 0.2g of 5 polysiloxane-polyoxyalkylene 
compounds, [ m\ n\ and V ] Polyethylene-glycol JIMETAKURIRURE - T01.8g, polyethylene-glycol 
monochrome methacrylic rate lg, Ethoxylation trimethylolpropane triacrylate 0.05g, 
azobisisobutyronitril O.Olg, and 30g of organic solvents which are EC:DMC:DEC=3:3:1 (volume 
ratio) and contain LiPF6 by 1M are mixed. The constituent for forming a macromolecule gel 
electrolyte was manufactured. 3g of this constituent was poured into the pouch cell obtained in the 
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example 1, and this was sealed. Then, the lithium cell was produced by processing join fruit in the 
oven adjusted at 80 degrees C for 4 hours. 

[01 1 1] Added poly vinylidene fluoride 15g to example 6 acetone 600ml, and mix for 2 hours, it was 
made to dissolve with a ball mill, and mixture was obtained. LiCoO2470g and super-P (product made 
from MMM)15g were added into this mixture, it mixed for 5 hours, and the cathode active material 
constituent was prepared. 

[01 12] The aforementioned cathode active material constituent was coated using the doctor blade 
which has the gap of 320 micrometers on the aluminum thin film with 147 micrometers [ in 
thickness ], and a width of face of 4.9cm, it dried and the unit cathode electrode board was produced. 
[0113] Then, 0.2g [ of the same polysiloxane-polyoxyalkylene compounds as an example 5 ] and 
polyethylene-glycol JIMETA krill rate 1.8g, polyethylene-glycol monochrome methacrylic rate lg, 
ethoxylation trimethylolpropane triacrylate 0.05g, benzophenone O.Olg, and 30g of organic solvents 
which are EC:DMC:DEC=3:3:1 (volume ratio) and contain LiPF6 by 1M were mixed, and the 
constituent for forming a macromolecule gel electrolyte was prepared. After using and casting a 
doctor blade for the cathode electrode board which manufactured this constituent above, UV with a 
wavelength of 365nm was irradiated for 1.5 hours, and was stiffened. 

[01 14] On the other hand, added poly vinylidene fluoride 50g to acetone 600ml, and mix for 2 hours, 
it was made to dissolve with a ball mill, and mixture was obtained. Mezzo-soprano carbon fiber 
(MCF) 449g and lg of oxalic acid were added into this mixture, it mixed for 5 hours, and the anode 
active material constituent was prepared. 

[0115] The doctor blade which has the gap of 420. micrometers for the aforementioned anode active 
material constituent was used, and it coated on the copper thin film with 178 micrometers [ in 
thickness ], and a width of face of 5.1cm, and it dried and the unit anode electrode board was 
produced. 

[0116] After making polyethylene separator (morning-sun chemical-industry company) with a width 
of face [ of 5.25cm ], and a thickness of 18 micrometers intervene between the cathode electrode 
boards and anode electrode boards with which the macromolecule gel electrolyte was formed, this 
was rolled round by the jelly roll method and the electrode assembly was produced. This electrode 
assembly was put in in the pouch and the lithium cell was produced. 

[01 17] If it removed having cast the constituent for forming an example 7 macromolecule gel 
electrolyte for the anode electrode board instead of the cathode electrode board, the lithium cell was 
produced by the same method as an example 6. 

[0118] If it removed having cast the constituent for forming an example 8 macromolecule gel 
electrolyte for both the cathode electrode board and the anode electrode board, the lithium cell was 
produced by the same method as an example 6. 

[0119] Instead of the constituent for forming the macromolecule gel electrolyte of the example this 
invention of comparison, it is 1M. If it removed having used the mixed solution (Ube Industries, Ltd. 
make) which contains LiPF6 and EC/DMC/DEC by the volume ratio 3:3:4, the lithium cell was 
produced by the same method as an example 1. 

[0120] The lithium cell of the characterization of cell> test-method examples 1-8 and the example 
of comparison evaluated reliability and safety by the life characteristic test, the penetration 
examination, the expansion test at the time of elevated-temperature neglect (85 degrees C), and the 
liquid spill examination under pressure 40 kgf/cm2. 

[0121] The life characteristic test was made by observing the volume change of the cell according 
charge and discharge to a 100 cycle deed and it using the lithium cell of examples 1-8 and the 
example 1 of comparison. This evaluation made it desirable for there to be few volume changes. 
[0122] The penetration experiment made the nail with a diameter of 5mm penetrate in the direction 
perpendicular to the major axis of after 3-hour charge and a cell in the center with the current of 0.2C, 
and investigated the existence of the ignition phenomenon of a cell, and a rupture phenomenon. 
[0123] After leaving an expansion test at 85 degrees C after 3-hour charge in the current of 0.2C for 4 
hours, it measured and evaluated the thickness of a cell. The thickness of the cell after neglect 
presupposed that it is good, when initial thickness became 110% or less. 

[0124] The disclosure examination investigated the existence of a liquid spill, after pressurizing the 
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cell for 10 seconds by the pressure of 40 kgf/cm2. 

[0125] Test-result drawing 3 is a graph which shows the life property of the lithium cell of an 
example 1 and the example of comparison. According to this, the volume decrease of the cell of an 
example 1 was almost of the same grade as the example of comparison. Moreover, in the penetration 
examination, neither ignition nor rupture takes place, but is maintaining 1 10% of the initial thickness 
of a cell also in the expansion test further, and did not carry out a liquid spill from inside in the 
disclosure examination further. Since examples 2-8 also showed the almost same result, they were 
found by that the hthium cell of this invention has the outstanding life property. 
[0126] As mentioned above, since the hthium cell of examples 1-8 can maintain the gel excellent in 
the electrolytic solution, it turns out that expansion of external disclosure of the electrolytic solution, 
the electrode assembly by the electrolytic solution, or a pouch can be suppressed, and it has the 
reliability and the safety superior to the cell of the example of comparison. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is the decomposition perspective diagram having shown typically an example of the 
lithium ion battery which used the general pouch. 

FDrawing 2] It is the decomposition perspective diagram having shown an example of the 
conventional lithium ion polymer battery typically. 

[Drawing 3] It is the graph which shows the result which measured the life property of the lithium 
cell of an example 1 and the example of comparison. 
Pescription of Notations] 

10 21 Electrode assembly 

11 Cathode 

12 Anode 

13 Separator 

14 22 Case 

15 23 Cathode tap 
15\ 23' Anode tap 

16, 16', 24, 24' Electrode terminal (or lead wire) 



[Translation done.] 
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DRAWINGS 



fDrawing 1] 




[Drawing 3] 
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